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(54) PRODUCTION OF FERRITIC STAINLESS STEEL EXCELLENT IN SURFACE 
CHARACTERISTIC 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prepare a ferritic stainless steel sheet minimal in minute 
waviness (roping) occurring at the time of cold rolling and excellent in surface characteristic. 
SOLUTION: A ferritic stainless steel, having a composition which consists of, by weight, 0.025- 
0.055% C, 0.001-0.015% N, 15.0-18.0% Or, 0.005-0.10% Ti, 0.01-1.0% Mn. 0.01-1.0% Si, 0.015- 
0.025% Ai. <0.010% S, <0.04% P. <0.5% Ni, <0.5% Cu. 10.2% Mo, <0.010% O, and the balance Fe with 
inevitable impurities and in which yp, represented by yp=420 x C+470 x N+23 x Ni+12 X Cu+7 X 
Mn-1 1.5 X Cr-1 1.5 X Si-1 1 x Mo-52 X AI-49 x Ti+189, is regulated to 20-35%, is used. This steel 
is hot-rolled at 1 1SO-ISOO** C, and cumulative draft at >1 100° C at the time of roughing is 
regulated to >40%, and successively finish rolling is performed. The resultant steel plate is coiled 
at 450-600° C coiling temp, and subjected, without hot rolled plate annealing, to pickling, to 
cold rolling, and then to final annealing. 
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• NOTICES * 

,T^sdocun.enthasbeentranslatedbycon.puter.SotheW^^^^ 

2'**?* 'shows the word which can not be translated. 
3'.In the drawings, any words are not translated. 



DETAILE D DESCRIPTION 
petailed Description of the Invention] 

&.ic.n of *e PHor Mt] Since aio.el con.ntjs^.ow pn- f™^^ t^^^'^^^'' 
^eel. ferftic stainless steel be^ ^-^SaSeTs StrSi^^d o ^se a surface characteristic, 
beautiful [ surface 1 is needed, femtic ^•^'^^'.i.^ I^led RIJINGU as a product at the time of 

example, it is described to steel 76(1990) P J^^O as irOT. j. ^ regarded as questionable. 

[0004] AS surface discontinuity, above-mentioned tof J but Ute terriUcstainless-stee 

However, when cold-roUing of not the tune of jf^ncation P cold-rolled plate cannot 

S-roUing plate is carried out, *e ^^^*'b?^tisf,ed with recently of the surface 

k—^rpiS^fif^^^^ 

generated at the time of ^^e fabrication of a pro^^^^^^^ representation steel type of 

[0005] Moreover, the actual condition is ^^^^^^ steel which is the typical steel type of 
Lusteiitic stainless steel in respect of dozens of hours after hot-rolling. Although 

ferritic stainless steel needs "^^X^/^.^^^^^^^ and hot-rolling plate 

many continuous-annealing-ized techniques f simplify the manufacture process of 

lieW abbreviation P'-ocesses are f o ex^ned^^^^^^^ Aight 

SUS430 from such a -ewpomt It is the^^^^ ^, ,^ ^ ^^.tem / of SUS430 usual 

:Lrrpo^"asl'^^^^^ 
and low aluminum. 

[0006] , 1 A uv,nn,ah rnnine was considered as the same phenomenon as 

'[ProblUs) to be Solved by ^f-^f ^^^^^^ at the time of fabrication, and 

RIJINGU until now It cannot be said that {. m mJUNu ^ ^ correspondence. Smce co d- 

generating of roping at the time of -^^^i^ronm^^^^^ roping height, the generatmg 

rolled rolling reduction be(^es so small „ is not clear to the height becoimng 
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manufacture approach that ropmg """^yi'^^^^t hot-TollmQ plate amealing abbreviation process that 
[0007] If roping generating can be '^educed m the hot '^^^If^^^^ f possibility of losing the 
Uding a new process to a process convenUondty '^^^^^'^^^Zost, the fe^tic stainless steel 

ffs for solving the Problem] ^^t^^Ll. 
toping in the manufacture f "^^^J^f^^^^^ S inTe proLs which omitted hot- 

LSgSS hLolling conditions ^^IZZ^:^:^":^^^ of a component or hot- 
[0009] The invention in this application is not ^^^^^^ ^^^"^^^^^ of following process conditions, 

tolling conditions, and needs .^^/r^^^gSTonlfw^^ 0 ?25 0 055o/o, N : 0.001 - 0.01 S^/o 

[0010] That is, the invention in ^Ins application is weight /o^ U . ^.q q^.^ qo/^^ Si: 0.01-1.0% Less 
Cr:15 V18.O0/0 S : O.OlOo/o or less ^ = « Wo or les^ Ti a005 0^ o.015-0.025o/o O : 

than [ nickel:0.5% L Cu: Less to [ 0^5 L^/^^^.t ^^^'"^^^^^^^^^ of one or more sorts are contained if 
0.010% or less, Furthermore, B 0.005 /o or less f^'^ J' "^"^^^ consisting of Fe and an unescapable 
needed, gammap shown by the bottom formula by the ^^^^^f^^^'^^^, ,,Uing, ^ake whenever 
impurity The ferritic ^taixUess steel^^^^^^ o, ^lo 'e 300 deg^^^^^^^^^ accumulation rolling 

[ stoving temperature ] into 1 150 degrees more ^ manufacture 
reduction in 1 100 degrees C or more made 11^0 40/^or morej ou^^ eharacLized by carrying out 
approach of ferritic stamless f ^^^^^ carrying out finishing rolling 

acid washing and carrying out ^ol^-r^Umg and A^^^^ out hot-rolling plate 

succeedingly, making **** temperature into 450-600 degrees c., ana carry g 

^S'i2rS?70x^^^^ 

t^^^ ^.u T ..ri^nl Hereafter the sestalt of operation of this invention is explained this 

[Embodmient °f ^^^^^^^^^^f^^erim^^^^^ at reduction of roping generated at the time of 
invention person etc. conducted the expenmeni mu g • result in the detail. Consequently, 

cold-rolling of ferritic stainless steel, and exa^ed ^^^^Pf^^^^^J^^^^^^ it became clear that it 
in order to have omitted hot-roUmg plate ^^V^^ ^'^^^^^^^^^ It is being in the 

is important to promote the gamma-phase ^^^^.^^^^^^^^^^^^ in this case ] at the 

t^^lTfSrii^^^^^^^ 

more and making a gamma-phase ^^^^l"^. ^ in the middle of hot-rolling, and 

[0012] Therefore, a component system winch ^^^^^^^^P^^^^^ot improve became whether to be ** 
gamma-phase deposits or mcreases was good, ?^,^^°P'^|^^ during rough hot-rolling, 

by component system by which a gamma-phase -""^^^^.^XTloZeTcL c 40% at 

R^is improvable if the — ^^^^^.^^^^^^ Moreove"^^^^^^^ system by 

15% or more as an amount of fl^Jn^nfro^^^^^ although it becomes easy to 

not admitted that roping heiglit 'l^'<:^",'^°l^'i^„ ^. above-mentioned viewpoint so that the 
[0013] 1. is gammap "'"^""^^^^^^^S^L^S^'XT- a compXnt. and is shown by 
SColSSaTtSultt of~. theS 20% or more, that the amonnt re,u.ed 

dnring rough rolling of ganma is ^f^^'^^^^ Z^.n^o-S2^^mninmn-49xTi*U9 
f»:S^v^:2r;S^'S??:S^4' «^ ^.though rop^g improves so that 
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it is high. When it prescribes that a component excels 3 ^ - ^^^^^^^^^^^ Xl^SIuence may 
abbreviation process of the invention in ^^^PP^^^^°"^^^^ other than a surface 

come out with the lug crack at the time of ^^f^^^'^l^^^^^'^^oui gamma-phase disappearing 
characteristic - check the ^ain growth at ^^^^ ,,orse again, and reinforcement 

only by amiealing after cold-rolling ^^'^^/^^^''^^^^^^^f It could be 35% or less, 

becomes high, and workabiUly falls " ^/^^^^^^^^^t^T^^^^^ *at a gamma-phase amount 
[0015] If whenever [ stoymg ^^P^fJ^^l [^^^'J^Stag^^^ respect of a gamma-phase activity, and 
may serve as max at the tune of heatmg, if that gamma-phase may deposit or mcrease 

it is important to set up whenever [ ^^^^"^8 ^^^PJ'f^^^ and it is made for at least 

during rough rolling, gammap gamma-ph^e '^^f ^^^^^^^^^ it is rl^uired to make it the 
20% or more not to decrease - ^^^^/^^^ o so^e^^em and if it takes into consideration 

of whenever [ stoving temperature ] and heating conditions, the 

[0016] It is satisfied with the above-men^o^ 3t"ns!s maSg accumulation rolling reduction in 
relation between ganmia-phase and h^t-'^f that roping at the time of cold-rolling 

1100 degrees C or more into 40% or more, ^^/l^f ^.^^^^^^^^^^ 40% or more, because it was 
could be reduced. Making '^oUmg reduction in 11 00 ^^^^ . ^ ^^^^^^^ 

required in order to make it distnbute "^^^^ely afer pro^ssmg g^ ^^^^ 

deposit to a grain boundary serves ^^f^^^^^^^^^i^^^^^^ becomis less uniform at less 

accumulation rolling ^^^uction c^ sec^e 40 A^^^ ^^^^ ^.^.^^^ 

than 20%, although it is so desirable Aat the ^ith which a big and rough gram 

below 600 degrees C. From 600 degrees g'^'^.^^^'^^J^ since ferrite grain 

ferrite and carbide and the ^"^P^^^^^^^^^^^^^f at the time of heat 

growth will be checked by the time martens te f^^^^^ e^sed on the process which 

?eatment after cold-rolUng and the yield P^^J^^^^^^Jl^.^^^^^ and was m^e to distribute 

metamorphosed into martensite at low temperature de^ees u <^i^^^^ annealing, 

gamma-phase minutely like the «ventiT a^^^^^^ to make the quality of 

»riSr=:^^*-em^^^^^^ 

^oTsTas a result of examining c— t r^^^^^^^ p . 

Approach With weight % C : 0.025 - 0X)55 A 0.001 ^•'i; ^ess than [ nickel:0.5% ], Cu: Less than 

^wym. reason for Imutation °f ^^^^S" ''red^^taTthough it ha. abad Muence on the 
C; C is especially harmful m aspect of (»nosionresis^ce^a^ S gamma-phase amount proper, 
corrosion resistance of a weld ^.^''''^^^''^"'^Zorl if the Lounts of gamma 
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difficult for less than 0.001% and it adds exceeding 0.015%, although corrosion resistance and 
workability of N are so desirable that there are few contents like C, add N in 0.001 - 0.015% of range. 
[0021] CrrCr is the main element of the ferritic stainless steel of the invention in this appUcation, and in 
order to secure corrosion resistance, it is necessary to add it 15% or more. However, even if it added 
exceeding 1 8%, feeding habits improved, but since C for securing the amount of gamma, N, and the 
amoimt of Mn increased and workability and toughness changed, the upper limit of Cr was made into 
18%. 

[0022] S: S degrades ductility, toughness, etc., and also from a corrosion resistance viewpoint, since it is 
harmful, it may be 0.010% or less. 

P: P is harmful also workability, toughness, and in respect of corrosion resistance, and make the content 
into 0.040% or less so desirably that it is few. 

[0023] Ti: It is an element required since N is fixed from a viewpoint of workability in the invention in 
this application, and add 0.005% or more. However, when it adds superfluously, an upper limit ~ the 
need that they add gamma stabilization element so much since the fixed effects of N are that the 
improving thing price becomes high and a ferrite formation element with powerful Ti itself arises — is 
0.1% or less. It is desirable to consider as 0.05% or less from a viev^oint oif roping. 
[0024] Although Mn:Mn is added as a deoxidation element, since the effectiveness is saturated with less 
than 0.01% even if effectiveness adds exceeding 1% rather than is enough, it adds at 0.01 - 1,0%. 
[0025] Since Si: Si will promote embrittlement remarkably and will degrade ductility and toughness if 
there is no effectiveness sufficient at less than 0.01% and it adds exceeding 1%, although used as a 
deoxidizer, it is added at 0.01 - 1.0%. 

[0026] nickel :nickel can be used as a gamma-phase stabilization element. However, since gamma-phase 
cannot decompose during subsequent heat treatment since gamma-phase will be remarkably stable if it 
adds so much, but workability deteriorates, it adds at 0.5% or less. 

Cu:Cu can be used as a gamma-phase stabilization element. However, since reinforcement will rise 
remarkably by Cu if it adds so much, it adds at 0.5% or less. 

Mo:Mo can be used as a ferrite phase stabilization element. However, since reinforcement will rise and 
workability will deteriorate if it adds so much, it is used at 0.2% or less. 

[0027] It is required to consider as 0.015% or more which aluininiim:aluminum is used as a deoxidation 
element and can be used also for immobilization of N. Moreover, aluminum was a powerful ferrite 
stabilization element, and if it is made to contain so much, in order to decrease the amount of gamma, it 
could be 0.025% or less. 

O: Since O degraded the toughness of a hot-rolling plate or caused nozzle plugging at the time of 
casting, crack generating, and toughness degradation of a hqt-roUing plate, it could be 0.01% or less in 
the invention in this application. 

[0028] One or more sorts of B and V can be made to contain if needed in this invention. 

B: Since B fixes N, it can improve workability. However, even if it added superfluously, since the 

effectiveness was saturated, it was made into 0.005% or less. 

V: V fixes C and N, and since it can improve workability, it can add them at 0.05% or less as a selection 

element. 

[0029] 

[Example] The ferritic stainless steel of the component shown in Table 1 was ingoted by the vacuum 
melting of a lab, and 50kg steel ingot with a thickness of 100mm was manufactured. Then, rough rolling 
was carried out to 20mm with five pass after heating on the conditions shown in Table 2, finish hot- 
rolling was carried out with six pass from 20mm to 5-3mm, that ******** was inserted in the 750-350- 
degree C fumace, carried out after [ the 1 hour retention ] fumace cooling, and **** was simulated. The 
**** temperature of front Naka is the retention temperature of this simulation. Then, cold-rolling of the 
rate of cold rolling was changed and carried out to the thickness of 2.0-0.4mm after acid washing with 
the sulfuric acid, and ropuig height was evaluated. 

[0030] Roping performed cold-rolling to 0.4mm after acid washing, measured the above-mentioned hot- 
rolling plate with the roughness plan about 10mm length in the direction of a right angle to the direction 
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of cold-rolling, and made it roping height with the maximum of external waviness height. Three places 
of this measurement were carried out and that average estimated roping. The average of the roping 
maximum height whose evaluation is three places evaluated A ranks and 0.15 micrometers or more less 
than 0.25 micrometers for less than 0.15 micrometers, and evaluated C rank and 0.35 micrometers or 
more for B ranks and 0.25 micrometers or more - less than 0.35 micrometers as a D rank. If it is A and B 
ranks, it will not become a problem from the point of surface grace. As shown in Table 2, each 
invention-in-this-application material had roping height as small as less than 0.25 micrometers, and 
showed the outstanding surface characteristic. 
[0031] 
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[Table 2] 
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[0033] 

[Effect of the Invention] As mentioned above, this invention can reduce roping at the time of cold- 
rolling which is the trouble of the surface characteristic of ferritic stainless steel in a hot-rolling plate 
annealing abbreviation process, and contributes to an improvement of a surface characteristic by low 
cost. 



[Translation done.] 



http://www4.ipdLinpit.go.jp/cgi-bin/tran_web__cgi_ejje 6/8/2007 



Page 1 of 1 



■'2"' 



1 0 



C : 0- 0 2 055%, 

N : 0. 0 0 1 --0. 0 1 5%, 
C r : 15. 0 - 1 8 - 0 

S : 0 . 0 1 0%K\r. 

P : 0 . 0 4 %llL*r, 

T i : 0. 0 0 5-0. 1 0%, 

Mil : 0. 0 1-1. 0%. 

Si : 0. 0 1-1- 0%. 

N i •. 0- 5HWT, 

cu ; 0. 5%ur. 

Mo : 0. 2%WT, 

A 1 : 0. 0 1 5-0. 025%, 

O : 0- 0 1 <:)%K\r 

*S W (./ , mm^)!- F e SC^ ^Fp|iSlfi^Ji^Jiy4!9A» ^-ti: 0 . T 

r> U Ap^. S^mE5Ei<:r«0*[i^il!t«: 115 0 "Clil 
±13 0 OWTtCt,, 8flEStC*$<,»-C 1 1 0 0 W± 
r-C'S^ET^ ^ 4 0 i (./ , m^mB itJuifSM 
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